1. Introduction {#s0005}
===============

Microorganisms in environmental samples are identified by sequential screening, isolation, and culture steps, followed by verification of their physiological characteristics and morphological classification ([@bb0045]; [@bb0095]; [@bb0135]; [@bb0020]). Isolation of the unicellular protozoan, Amoeba, from soil is particularly challenging, time-consuming, labor-intensive, and requires complex culture purification techniques and significant expertise for morphological evaluation ([@bb0030]; [@bb0105]; [@bb0130]). Some soil amoebae are pathogenic to humans ([@bb0130]; [@bb0075]), and their isolation by culture methods is necessary for evaluation of their habitat and ecology. However, the generation time of amoeba is much longer than that of bacteria, and it is very difficult to avoid bacterial or fungal contamination in isolates using such methods ([@bb0130]; [@bb0065]). Additionally, off-target events may occur frequently when amoeba isolated from soil is selected based on morphology and used for species-specific PCR identification ([@bb0130]; [@bb0065]; [@bb0085]). In this study, we collected DNA of soil amoebae and attempted to design a DNA extraction method for soil screening.

In recent years, DNA extraction from soil and comprehensive analysis of soil microbial environment by next generation sequence analysis has been actively researched and utilized in agricultural, ecological, and environmental studies ([@bb0100]; [@bb0080]; [@bb0050]). As a result, extracting environmental DNA (eDNA), particularly in bacteriological studies, has gained special focus and a large number of kits for extracting soil DNA are offered by manufacturers worldwide. Soil DNA extraction methods using such kits are classified into direct and indirect extraction methods ([@bb0040]; [@bb0025]; [@bb0015]). The indirect method consists of recovering microbial fractions from soil followed by DNA extraction unlike the direct method that, as the name suggests, involves extracting DNA directly from the soil. The indirect extraction methods typically have lower soil contamination but also reduced yield of extractable DNA. In contrast, the direct extraction method has a higher yield of DNA but with significant soil contaminants. Although several physical, enzymatic, and chemical strategies have been adopted for cell disruption, issues such as DNA yield, length, and purity need to be resolved. Furthermore, soil in Japan contains rare volcanic ash ([@bb0005]). Volcanic ash black soil has a global distribution of less than 1%. In contrast, more than 40% of the fields in Japan contain volcanic ash black soil ([@bb0120]). Studies show that black soil contains large amounts of activated aluminum (allophane) ([@bb0145]; [@bb0070]), which adsorbs the extracted DNA, making it difficult to collect DNA and use in an experimental system such as PCR ([@bb0090]; [@bb0140]).

In this study, we attempted to design an optimal protocol for extracting large protozoan DNA in soil habitats using ISOIL (Nippon Gene, Japan), a DNA collection kit suitable for black soil typical to Japan.

2. Material and methods {#s0010}
=======================

2.1. Soil collection and soil specific gravity measurement {#s0015}
----------------------------------------------------------

Six soil specimens were collected in Japan from fields, nature park and 7 specimens including 1 commercially available soil for gardening were included in the experiment. In the soil, 100 ml (Vt) of soil was collected by removing the vegetation and dead leaves of the surface layer. The collected samples were thoroughly dried at 60 °C, overnight, followed by measurement of the mass (Ms), and the dry bulk density (ρd)/ml was calculated from 'ρd = Ms ÷ Vt'. The dry bulk density of volcanic ash soil (black soil) is smaller than 1/ml, because of the high organic matter content ([@bb0110]).

2.2. Determination of soil properties based on feel {#s0020}
---------------------------------------------------

Soil properties were determined using 7 categories of international classification method based on soil texture and feel ([Table 1](#t0005){ref-type="table"}) ([@bb0040]).Table 1Soil seven taxonomy by soil plasticity.Table 1Soil classification (international law)Judgment methodsSand: sAlmost sandy, no feel sticky at all.Sandy loam: SLThe feeling of sand is strong, there is only a little stickiness.Loam: LFeel somewhat sandy and sticky. Sand and clay are felt to the same extent.Silt loam: SiLNot feel the sand very much, but feel like a flaky flour.Clay loam: CLFeel a bit of sand, but it is sticky.Light clay: LiCHardly feel the sand and it sticks well.Heavy clay: HCNot feel the sand and it is sticky very well.

2.3. Measurement of allophane degree of soil specimens {#s0025}
------------------------------------------------------

Allophane test is a method for measuring active aluminum (allophane), and it is often used for characterizing black soil ([@bb0055]; [@bb0010]). A small amount of soil was rubbed vigorously with the fingertips on a phenolphthalein paper and a sodium fluoride solution was added dropwise and observed for color change.

2.4. Construction of DNA extraction protocol {#s0030}
--------------------------------------------

Soil sample \#7 was used for designing the protocol. A mixture of *Acanthamoeba* MK strain with 1.0 × 10^5^/g was added to the sample followed by DNA extraction. Protocols I and II involved removal of DNA adsorption factor by skimmed milk and protocols III and IV involved the use of glass beads (φ0.35 mm) to increase DNA yield by the indirect extraction method. Protocol V was created from the results of protocols I--IV.

In protocol V, physical disintegration with glass beads (φ0.35 mm) was attempted in addition to SDS Lysis Buffer for the chemical lysis of cells in the direct DNA extraction method. For DNA precipitation method, polyethylene glycol (PEG) and isopropanol, which are reported to have a lower coprecipitation rate of allophane than ethanol, were used. Protocols I--V are described in [Table 2](#t0010){ref-type="table"}. The extracted DNA was used for *Acanthamoeba*-specific-PCR.Table 2Protocol list for soil DNA extraction.Table 2Extraction stepsProtocolsIIIIIIIVV110 g of soil was placed in a 50 ml conical tube, *Acanthamoeba* MK strain (1.0 × 10 ^6^ amoeba) was added, physiological saline was added and well agitated.10 g of soil was placed in a 50 ml conical tube, *Acanthamoeba* MK strain (1.0 × 10 ^6^ amoeba) was added, and then 400 mg of skim milk and 4g of glass beads were added.2The soil solution was filtered with 2 pieces of gauze and centrifuged at 2300*g* rpm for 10 min at room temperature.Soil solution was allowed to stand for 5 min, and 30 ml of supernatant was recovered.10 ml of pH 8.0 PBS and 8 ml of SDS Lysis Buffer were added and after 45 s vortexing, incubation was carried out at 60 °C. for 1 h.3The soil sediment was taken in medicine packaging paper and dried for about 2 h.The supernatant was centrifuged at 2300*g* for 5 min, and the precipitate was recovered. The precipitate was dried for 2 h.45 s vortexed and centrifuged at 9000*g* for 20 min, room temperature.4Soil dried sediment 0.5 gSoil dried sediment 0.5 g + Skim milk 20 mgSoil dried sediment 0.5 g + Skim milk 20 mgSoil dried sediment 0.5 g + Skim milk 20 mg + Glass beads 20 mgThe supernatant was transferred to a new 50 ml conical tube, 1/2 amount of 30% PEG-1.6 M NaCl was added and the mixture was vortexed and then allowed to stand overnight at room temperature.56After centrifugation at 9000*g* for 20 min, room temperature, the supernatant was discarded.78 ml of pH 8.0 TE Buffer was added to the sediment and dissolved. An equal volume of PCI was added to the solution, vortexed to milky white, and centrifuged at 9000*g* for 25 min, 4 °C.8The upper aqueous layer was recovered and left at −20 °C. for 20 min at a ratio of aqueous layer: isopropanol: 3 M acetic acid Na = 1: 0.7: 0.1, and it was left standing at 9000 *g* for 15 min, 4 °C.9DNA extraction (dissolved in 600 μl of pH 8.0 TE Buffer) with QIAamp DNA MiniDry the DNA precipitate and dissolve in 600 μl pH 8.0 TE Buffer.1011DNA extraction with ISOIL

2.5. Qualitative and quantitative evaluation of extracted DNA using protocol (I--V) {#s0035}
-----------------------------------------------------------------------------------

DNA quantity for each protocol was measured using a NanoDrop® 1000 (Thermo Fisher Scientific, USA), and agarose gel (1.2%) electrophoresis. The purity was determined using the 260/230 and 260/280 absorbance ratios.

2.6. Investigation of the usefulness of protocol V to Japanese soil {#s0040}
-------------------------------------------------------------------

We investigated whether the DNA, extracted using protocol V was compatible with PCR. *Acanthamoeba* MK strain with 10 × 10^5^/g was added to the 7 soil samples, followed by DNA extracted using protocol V. Subsequently, the extracted DNA was used for *Acanthamoeba* specific PCR.

2.7. Detection sensitivity of DNA extracted with protocol V {#s0045}
-----------------------------------------------------------

A spike sample containing 1.0 × 10^1^ to 10^5^ with *Acanthamoeba* MK Strain added to soil No. 7 (10 g) was prepared. DNA extraction was performed using protocol V for spike samples followed by *Acanthamoeba*-specific-PCR.

2.8. Conditions for *Acanthamoeba*-specific-PCR {#s0050}
-----------------------------------------------

JDP1/JDP2 primer sets and AmpliTaq Gold DNA Polymerase with Buffer II (Thermo Fisher Scientific, USA) were used for *Acanthamoeba*-specific-PCR in this study. PCR conditions were as follows: 35 cycles of thermal denaturation at 95 °C for 10 s; annealing at 55 °C for 30 s; and elongation at 72 °C for 60 s ([@bb0035]). PCR products were identified with gel electrophoresis on a 1.2% agarose gel (Takara Bio, Japan) performed with 5 μl of the reaction solution.

3. Results {#s0055}
==========

3.1. Determination of soil property and allophane degree {#s0060}
--------------------------------------------------------

[Table 3](#t0015){ref-type="table"} shows result of the soil temporary specific gravity, soil property and allophane measurement. Allophane detection was high in No. 2 and No. 5 soil.Table 3Results of judgment of soil property, soil type and allophane degree.Table 3[^1]

3.2. Comparison of DNA quantity and purity by soil DNA extraction protocol {#s0065}
--------------------------------------------------------------------------

The amount of DNA for each extraction protocol was shown in [Table 2](#t0010){ref-type="table"}. We observed an increase in DNA yield in protocols I and II using the direct extraction method, compared to indirect extraction methods used in protocols III and IV. DNA yield in protocol II, to which skimmed milk was added, was greater than that in protocol I. Protocol IV, using glass beads increased the DNA yield moderately compared to III ([Table 4](#t0020){ref-type="table"}). Although DNA yield could be increased by skimmed milk and glass beads, amplification of *Acanthamoeba* gene was impossible in protocols I--IV. In protocol V, DNA was extracted by direct extraction method where skimmed milk and glass beads were also added. PEG and isopropanol were used to precipitate DNA. DNA yield in protocol V showed an improved A~260/230~ ratio. The peak absorbance was at 260 nm in protocol V in contrast with protocols I to IV where the absorbance peaked at 230 nm, implying higher purity of DNA extracted in protocol V ([Fig. 1](#f0005){ref-type="fig"}).Table 4Comparison of DNA yield and purity by protocol I--V.Table 4Protocol no.DNA yield (ng/μl)A260/280A260/230I99.782.170.21II122.22.040.25III23.93NA0.05IV26.12NA0.06V110.91.921.63[^2]Fig. 1Comparison of DNA quantity and purity of soil DNA extraction protocol by Nono drop 1000.Fig. 1

3.3. PCR results of DNA extraction protocol (I--V) {#s0070}
--------------------------------------------------

DNA extracted in protocols I, II and IV failed to produce any PCR signal. In protocol III, we observed a thin band. In protocol V, we were able to confirm the amplification of the gene most clearly ([Fig. 2](#f0010){ref-type="fig"}-A).Fig. 2Agarose electrophoresis of *Acanthamoeba*-specific-PCR.(A) PCR of extracted DNA with protocol I--V.Lane 1) 100 bp ladder (Nippon gene, Japan), Lane 2) Protocol I, Lane 3) Protocol II, Lane 4) Protocol III, Lane 5) Protocol IV, Lane 6) Protocol V.(B) PCR of spike sample DNA extracted with protocol V.Lane 1) 100 bp ladder (Nippon gene, Japan), Lane 2) 1.0 × 10^5^ amebas/10 g soil, Lane 3) 1.0 × 10^4^ amebas/10 g soil, Lane 4) 1.0 × 10^3^ amebas/10 g soil, Lane 5) 1.0 × 10^2^ amebas/10 g soil, Lane 6) 1.0 × 10^1^ amebas/10 g soil.(C) PCR of soil No. 1-7 DNA extracted with protocol V.Lane 1) 100 bp ladder (Nippon gene, Japan), Lane 2) No. 1, Lane 3) No. 2, Lane 4) 1 No. 3, Lane 5) No. 4, Lane 6) No. 5, Lane 7) No. 6, Lane 8) No. 7.Fig. 2

3.4. PCR sensitivity of DNA extracted with protocol V, PCR of 7 soil samples using protocol V {#s0075}
---------------------------------------------------------------------------------------------

Gene amplification was confirmed in all spiked samples (soil \# 7 to which *Acanthamoeba* MK strain was added). However, the band was difficult to identify when the added amount was less than 1.0 × 10^2^/g ([Fig. 2](#f0010){ref-type="fig"}-B).

We examined the effectiveness of protocol V in soil with varying properties and allophane content. In soil \# 1 through 7, *Acanthamoeba* MK strain was added at 1.0 × 10^3^/g and soil DNA was extracted with protocol V. *Acanthamoeba* gene amplification was confirmed in DNA from all seven soil samples ([Fig. 2](#f0010){ref-type="fig"}-C).

4. Discussion {#s0080}
=============

In this study, we extracted PCR-compatible DNA using protocol V from all 7 soil specimens. To create protocol V, we first verified protocols I--IV individually for the yield and purity of DNA. Between protocols I and II, an increase in DNA yield was observed with protocol II supplemented with skimmed milk. Although the mechanism is unknown, skimmed milk is adsorbed as a substitute by the DNA adsorbing substance contained in the soil resulting in increased DNA yield ([@bb0115]; [@bb0125]). In both protocols I and II, the absorbance of the DNA solution showed a value of A~260/280~ (standard value: 1.8 or more) of 2.0 or greater indicating that the samples did not contain any significant protein impurities. However, we did not observe any gene amplification signal from the soil DNA of protocols I and II using the JDP 1/2 primer set. This may be due to low A~260/230~ (reference value: 1.8 or more) ratios of the samples implying the presence of contaminants such as phenols and allophane that could have inhibited PCR in the DNA obtained with protocols I and II ([@bb0060]). This result emphasized on the requirement of a new protocol to remove contaminants. Therefore, in order to increase the degree of DNA purification, we created protocol III consisting of a two-step purification strategy using QIAamp DNA Mini kit and ISOIL. Amplification of DNA was observed in protocol III, but since the yield of extracted DNA was low, protocol IV was conducted to perform a strong disruption with glass beads. In protocol IV, DNA yield increased but the PCR amplification was negative. Our results from protocols III and IV suggested that although glass bead-based disruption is an effective strategy to increase DNA yield, indirect extraction using soil sediment or a two-step purification method using two kits reduces DNA yield and increases costs. This may not be feasible in epidemiological research where typically larger number of samples require to be tested.

Based on the results from protocols I--IV, we created a new protocol V, in which skimmed milk and glass beads were added to the soil and the final refining was done with ISOIL. In addition, isopropanol and PEG are reported to be superior to alcohols because they do not coprecipitate allophane ([@bb0115]). Protocols I--IV use indirect extraction with filtered soil sediment. And when comparing protocols I and II with III and IV, the purification step increased to two stages, in III and IV and approximately 90% of the DNA was lost. In protocol V with a three-step DNA precipitation, it was predicted that the DNA loss would be even higher. Therefore, we decided to adopt a direct extraction method using all soil components. As a result, although the DNA yield in protocol V was inferior to that obtained in protocols I and II, we managed to obtain highly purified DNA with A~260/280~ of 1.92 and A~260/230~ of 1.63. Furthermore, by applying this protocol V, DNA, extracted from all seven soil samples yielded positive signal from *Acanthamoeba*-specific-PCR. The variable allophane content and soil properties implied that it is possible to acquire PCR-compatible DNA purification and yield from multiple soil sources using protocol V. Although this protocol uses a DNA extraction kit suitable for Japanese domestic soil, it is possible that other kits can be applied. In this report, we do not investigate soil microorganisms using protocol V. However, we have already successfully applied this protocol to the habitat survey of *Balamuthia mandrillaris*, a microorganism reported to be present in the soil ([@bb0130]). Thus, we believe that the DNA collected by this method can be used for biological surveys in multiple soil types. Also, this protocol does not require high-speed centrifugation steps at the production stage using the 10 g soil prior to using the kit, and thus can be easily used for epidemiological research in developing countries where facilities are not sufficient.

Acknowledgements {#s0085}
================

This work was supported by a Grant-in-aid for Scientific Research for Young Scientists (JSPS KAKENHI Grant Number 18K17349) and Interdisciplinary Collaborative Research Grant for Young Scientists, Hirosaki University.

Conflict of interest {#s0090}
====================

The authors declare that they have no conflict of interest.

[^1]: ±: After a while it is weakly colored. +: Immediate coloring, but its extent is weak. ++: Color immediately and vividly. +++: Instantly color very clearly. NA: Not Available.

[^2]: NA: Not Available.
